Total lipid extracted from wild-type Trichophyton terrestre CDC-X285 Was found to be 2.0% of the dry cell weight. The total lipid contained the following phospholipid components identified by silicic acid-impregnated thin-layer and paper chromatography: phosphatidyl inositol, phosphatidyl choline, phosphatidyl serine, and phosphatidic acid. The 0.05-cm3 cuvettes were constructed of lexan tinted black to prevent light scatter. The cuvette body had a 70 internal slope to prevent possible shadowing of the organisms and a 25-mm2 quartz window to allow for exposure of the UV light components of solar irradiation. A fillport was provided on the side opposite the quartz window. Peak wavelengths entering the cuvette chamber were selected by the use of quartz bandpass interference filters and quartz neutral-density filters controlled by the total radiant energy reaching the exposed fungal cells.
Wild-type Trichophyton terrestre CDC-X285 conidia were housed in the Apollo 16 Microbial Ecology Evaluation Device (MEED). The conidia were exposed in the MEED at a 900 angle to the sun for 10 min + 7 s in space during the Transearth Extra Vehicular Activity of Apollo 16 (18) . Test spaceflight parameters monitored by the flight hardware included 254-, 280-, and 300-nm ultraviolet (UV) light at various energy levels, full solar light, and no light (18) . T.
terrestre 7048-1, referred to hereafter as the phenotype, isolated from one of the MEED cuvettes containing conidia of wild-type T. terrestre, was used in this study and compared to the parent.
The 0.05-cm3 cuvettes were constructed of lexan tinted black to prevent light scatter. The cuvette body had a 70 internal slope to prevent possible shadowing of the organisms and a 25-mm2 quartz window to allow for exposure of the UV light components of solar irradiation. A fillport was provided on the side opposite the quartz window. Peak wavelengths entering the cuvette chamber were selected by the use of quartz bandpass interference filters and quartz neutral-density filters controlled by the total radiant energy reaching the exposed fungal cells.
The wild-type conidia received 254-nm UV light at 9.6 x 103 ergs per cuvette for the 10-min space exposure, whereas the parent was housed in a ground control cuvette. The morphological variant 7048-1 was selected after the spaceflight cuvettes were returned to the Lunar Receiving Laboratory, National Aeronautics and Space Administration, Houston Tex. Space-exposed conidia were allowed to develop colonies on Sabouraud dextrose agar. Phenotype selection and survival counts were made immediately after colony development (19) . Weightlessness and the stresses related to launch and splashdown produced no variation in viability as indicated in ground control, vibration control, and darkness or flight control. Survival rates did vary in relation to spaceflight parameter exposure levels.
Previous studies concerning the lipid and hydrocarbon content of filamentous fungi have been performed (2, 4, 8) . This study concerns the variation of phospholipids in wild-type T. terrestre and the space-flown phenotype obtained from the wild type after UV exposure in space.
MATERIALS AND METHODS Conidia of wild-type T. terrestre CDC-X285 were housed in cuvettes in the Apollo 16 MEED. The isolate T. terrestre 7048-1 is a morphological variation of the parent isolated after the Apollo 16 spaceflight (18) . Stock cultures of the microorganisms were PHOSPHOGLYCEgRIDES OF T. TERRESTRE maintained on Sabouraud dextrose agar (Difco) slants at 24 C.
Both the wild type and the phenotype were grown in 250-ml Erlenmeyer wide-mouth flasks with Morton closures and containing 50 ml of Sabouraud maltose broth (Difco). The inoculum was prepared from agar slant cultures blended in 20 ml of distilled water for 1 min at 4 C. Flasks inoculated in sets of four were placed on a reciprocal shaker rotated at 100 rpm, and incubated at 24 C for 5, 7, and 10 days.
To minimize potential contamination by trace hydrocarbons, glassware was cleaned with a chromic acid solution, rinsed with double-distilled water and then with methanol, and autoclaved. Before organisms were harvested, they were checked for purity by colony and microscopic characteristics, including Gram staining for possible presence of bacteria.
Phenotype and wild-type cultures of T. terrestre were harvested after 5, 7, and 10 days of incubation. Experiments were conducted in replicates of eight. The cultures were transferred to 200-ml glass centrifuge jars, centrifuged at 2,000 x g for 60 min to achieve uniform packing of mycelial pellets, and then washed three times in 20 ml of sterile 0.9% saline. Washed cells were transferred from the centrifuge jars to pre-weighed 50-ml beakers and placed in a vacuum desiccator containing silica 16-mesh gel and Ascarite, vacuum pumped to a constant weight, and weighed on a Mettler H 33 analytical balance. Cell weights were adjusted to account for 75.9% water per 1 g of dry packed cells. All solvents used in this study were purchased from the Mallinckrodt Chemical Company and were of nanograde quality.
The total free lipids were extracted from the cells by the procedure of Bligh and Dyer (3) . Although the Bligh-Dyer method has the advantage of making it unnecessary to homogenize or disrupt the cells, we found that phosphatidyl serine was not recovered from T. terrestre unless the cell mass was disrupted. Prior to extraction, dry packed cells were transferred to a sterile monelmetal container assembly and homogenized, as above, in 40 ml of sterile double-distilled water. The homogenate was transferred to a round-bottom flask and to it was added 100 ml of methanol and 50 ml of chloroform, bringing the final ratio of MeOH-CHClr-water to 10:5:4 (vol/vol/vol).
The mixture was shaken and allowed to stand 18 to 24 h. The mixture was centrifuged to remove cellular debris, and supernatant was transferred to a 500-ml separatory funnel fitted with a Teflon stopcock. Chloroform and water were added, bringing the final ratio of the solvents MeOH-CHClr-water to 10:10:9 (vol/vol/vol). The separatory funnel was agitated gently and allowed to stand overnight. The solution separated into an upper methanolic-water phase and a lower lipid-containing chloroform phase. The chloroform-soluble extract was collected in a round-bottom flask and concentrated to 5 to 8 ml by evaporation of the chloroform in a Buchler flash evaporator.
Lipids were fractionated on a silicic acid column (100 mesh; Coleman and Bell, Norwood, Ohio). The silicic acid had been heat activated for 12 h at 110 C (10). Aliphatic hydrocarbons were eluted from the column with n-hexane. Chloroform eluted the neutral lipids, whereas the remaining lipids were eluted with methanol (10, 11) .
Dry weights of extracted lipid material were determined by transferring concentrated samples from round-bottom flasks to pre-weighed centrifuge tubes with a Pasteur pipette. Samples were blown to dryness under a stream of dry nitrogen gas in a water bath at 40 C. Tubes containing the dry lipid extract were placed in a vacuum desiccator and vacuum pumped at 35 atm for 15 min. The vacuum was released by flooding the desiccator with nitrogen to prevent peroxidation of lipids. Lipid-containing tubes were weighed on the analytical balance, and total lipid weight was determined from the differences in tube weights.
Total lipids were chromatographed on Kodak silica gel-impregnated chromagrams (Eastman Kodak Chromagram Sheet no. 13181 silica gel absorbent with fluorescent indicator). Spots were applied in 2-to 10-Ml amounts by using chloroform-cleaned Drummond glass Microcaps 2 cm apart and 3 cm from the bottom of the thin-layer chromatography plates (20 by 20 cm). These plates were developed by ascending methods using solvent system A (benzene-diethyl ether-ethanol-acetic acid, 50:40:2:0.2, by volume), drying the plates in a hood for 45 min, and developing in solvent system B (n-hexane-diethyl ether, 96:4, by volume) (13) . Plates were dipped in a solution of Rhodamine 6 G and visualized with UV light (11) . Polar lipids were separated by developing the plates in ascending solvent system C (chloroform-acetonemethanol-acetic acid-water, 50:20:10:10:5, by volume) (15 In the second procedure, the dried chromatograms were sprayed with Ninspray (0.5% ninhydrin in butanol; Nutritional Biochemicals, Cleveland, Ohio). The papers were placed in an oven at 100 C on a clean glass plate and checked at 3-min intervals until mauve (blue-purple), positive spots appeared. Phospholipids containing amine groups such as phosphatidyl ethanolamine and phosphatidyl serine were visualized. The chromatograms were overstained with Rhodamine 6 G.
In the third method, the chromatograms were dried for 15 min and stained according to the PeriodateSchiff reaction (11 When total lipid fractions from the wild type were spotted on thin-layer chromatography plates and developed in polar lipid solvent system C and in solvent systems A and B, separation of eight phospholipid components was observed. A tracing of this separation appears in Fig. 1 . The major phospholipids observed were phosphatidyl inositol, phosphatidyl choline, phosphatidyl serine, phosphatidyl ethanolamine, and phosphatidic acid. Also present in parent extracts were digalactosyl diglyceride and monogalactosyl diglyceride. A small amount of neutral lipid was detected in the wild type. Neither phosphatidyl glycerol nor diphosphatidyl glycerol was found. In the total lipid extract of the parent there appears to be a high concentration of polar phospholipids.
Thin-layer chromatography separation of total lipid extracts of the space-flown phenotype is presented in Fig. 1 The phospholipids observed by paper chromatography were identical to those seen by thin-layer chromatography of both the wild type and phenotype. A tracing of paper chromatography and staining reactions appears in Fig.  2 . The phenotype total lipid contained an unusual component, not developed by thinlayer chromatography, tentatively identified as sterol glycoside.
DISCUSSION
Phospholipids found in T. terrestre 7048-1, a phenotype isolated from the Apollo 16 MEED, varied from those of the wild type. Increasing percentages of total lipid were extracted from the phenotype with extended incubation. This increase in total lipid was not accompanied by morphological variation in growth of the phenotype. In a previous study another group of phenotypes selected from the Apollo 16 MEED isolates indicated that both T. terrestre and Chaetomium globosum phenotypes had similar logarithmic growth rates for each species (18) . Under normal growth conditions a stable membrane configuration, as represented by a low turnover of phospholipids, is seen at the end of logarithmic growth and the beginning of stationary growth phases of a normal growth curve. This appears to be true of the wild type. The phenotype total lipid content was unstable during stationary growth. The phospholipid contents of the phenotype harvested at different times did not vary.
Many phenotypic changes of the MEEDflown strains of T. terrestre and C. globosum have been recorded. Noted were changes in growth dynamics at the microscopic level including: hyphal branches, irregular hyphal walls, wavy hyphae, and blunt hyphal apices; variation in analysis of deoxyribonucleic acid composition; changes in colony morphology and growth characteristics; and variation in the ability of T. terrestre phenotypes to degrade human hair (18) . Other changes are currently under investigation with various phenotypes. The phenotypes were selected from the Apollo 16 MEED mycology cuvettes after exposure to specific spaceflight parameters. Except for survival variation to specific UV irradiations, changes appeared random at the individual cell level. The space-flown phenotype of T. terrestre differed from the parent in phospholipid content.
Variations of the phosphoglyceride contents among different species of filamentous fungi have been noted. Bruszewski et al. (4) found that six thermophilic fungi had total lipid extracts varying as much as 20% and phospholipid contents varying up to 30% of the total lipid. The lack of numerous phospholipids among species of Actinomycetales is well documented. Mycobacterium tuberculosis may contain phosphatidyl inositol as its only phospholipid (9) . The presence of unusual lipid material such as sphingolipids has been demonstrated in the Phycomycetes and the Basidiomycetes (21). Weete has extensively reviewed the literature concerning distribution of phospholipids among the fungi (20) . Our results indicate that as the age of the culture increases the total phospholipid content increases and the average dry cell weight decreases. This suggests that a gross variation in total lipid between parent and phenotype T. terrestre, although not an artifact, may not be unprecedented.
Das and Banerjee (5) reported the presence of phosphatidyl inositol, phosphatidyl serine, phosphatidyl choline, phosphatidyl ethanolamine, and phosphatidic acid in Trichophyton rubrum, all of which were detected in the wild-type T. terrestre in our studies. They also indicated the presence of phosphatidyl glycerol in T. rubrum, whereas our studies indicate that monogalactosyl diglyceride was present in the wild-type T. terrestre. The phenotype T. terrestre contained phospholipids common to both T. rubrum and the wild-type T. terrestre.
The phenotype contained diphosphatidyl glycerol not found in either T. terrestre wild type or T. rubrum. Although total phospholipids in T. rubrum appeared to remain constant throughout incubation, variation among individual components was found. This variation with age could account for the increase in total phospholipid in the phenotype T. terrestre.
In a recent review of space microbiology (12), it was stated that "Most of the space microbiology studies conducted over the last forty years have failed to establish any demonstrable changes in microbes returned to earth, although there were some positive findings." We have concluded from our studies that exposure of wild-type T. terrestre resulted in a phenotype whose whole-cell phospholipid contents varied from that of the wild type. Other studies support the fact that exposure of microbes to space environment results in changes detected upon return to earth (6, 7, 16) .
Although preflight studies using simulated exposure to solar parameters indicated that phenotypic variation did occur, no correlation between these experiments and ours has been made (17) . It would be difficult to trace the variation in phospholipids in the space-flown phenotype to a primary mutation event. However, since exposure to high levels of UV irradiation does induce mutation, this cannot be ruled out as a factor in varying phospholipid content.
